Background/Aims: To determine the accuracy of identifying ≥6-mm adenomatous polyps during colonoscopy and define its impact on subsequent interval screening. Methods: We conducted a retrospective study of patients who underwent colonoscopies at Banner University Medical Center, Tucson from 2011 to 2015. All patients with ≥6-mm adenomatous polyps based on their colonoscopy report were included. Adenomatous polyps were excluded if they did not meet the criteria. Discrepancies in the polyp size were determined by calculating the percentage of size variation (SV). Clinical mis-sizing was defined as SV >33%. Results: The polyps analyzed were predominantly <10 mm in size. Approximately 13% of the examined polyps met the inclusion criteria, and 40.7% of the adenomas were ≥10 mm. A total of 189 ≥6-mm adenomatous polyps were collected from 10 different gastroenterologists and a colorectal surgeon. Adenomatous polyps were clinically mis-sized in 56.6% of cases and overestimated in 71.4%. Among the adenomas reviewed, 22% of mis-sized polyps and 11% of non-mis-sized polyps resulted in an inappropriate surveillance interval. Conclusions: We found that more than half of ≥6-mm adenomatous polyps are mis-sized and that there is a tendency to overestimate adenoma size among endoscopists. This frequently leads to inappropriate intervals of surveillance colonoscopy.
IntRoduCtIon
After screening for colorectal cancer with colonoscopy, the time interval for subsequent surveillance is determined by polyp histology, number, and size. [1] [2] [3] Generally, polyp size is estimated by endoscopists in real-time during colonoscopy. Since adenomatous polyps ≥10 mm in size carry a higher risk of developing into adenocarcinoma, a shorter surveillance interval is recommended. 4 Therefore, the timing of appropriate subsequent colonoscopy surveillance is based on the accurate estimation of polyp size during colonoscopy. In clinical practice, there is a high degree of subjectivity in estimating polyp size among endoscopists. [5] [6] [7] Eichenseer et al.
reported that 62% of polyps were incorrectly appraised, with a tendency to overestimate polyp size during endoscopy. 6 As a result, they showed that 35% of patients experienced an inappropriate surveillance interval. However, that study only examined polyps 10-25 mm in size. Therefore, patients with adenomas that were measured as ≥10 mm but that were estimated to be <10 mm by the endoscopist were not analyzed. Several studies have shown a tendency for endoscopists to underestimate polyp size. [8] [9] [10] Fennerty et al. found that the polyp size was underestimated in 20% of patients. 8 We have previous-ly shown that only 4% of patients with <6-mm polyps have an inappropriate colonoscopy interval based on polyp mis-sizing and that clinically relevant overestimation of diminutive polyps is rare. 11 While polyps sized <10 mm have been included in other analyses, 12 no study has specifically included small polyps (i.e., 6-9 mm), which, when compared to diminutive polyps (i.e., 1-5 mm), may be associated with higher rates of inappropriate colonoscopy intervals. Therefore, owing to the potential for polyp size underestimation, previous studies may have underestimated the degree to which endoscopists' colorectal cancer surveillance recommendations are impacted by the exclusion of small polyps. Inaccurate assessment of adenomatous polyp size may lead to more frequent surveillance colonoscopies, exposing patients to undue risk and generating a significant cost. Colonoscopy may be associated with serious complications including cardiopulmonary events, perforation, and hemorrhage. Moreover, unnecessary colonoscopies have significant financial implications. In 2010, the Centers for Medicare and Medicaid Services spent a total of $5.4 billion on colorectal cancer screening, $2.7 billion of which was spent on colonoscopy. 13 Despite these figures, more than a third of the population has not undergone appropriate colorectal cancer screening.
14 In our study, we examined the accuracy among endoscopists in the estimation of small adenomatous polyps and evaluated the impact of mis-sizing on colonoscopy surveillance intervals.
MAtERIAlS And MEthodS

Study design
This was a retrospective study examining all outpatient and inpatient colonoscopies performed at the two main campuses of Banner University Medical Center-Tucson from January 1, 2011 through April 30, 2015. The colonoscopies were performed by 10 attending gastroenterologists and one attending colorectal surgeon. Colonoscopy and pathology reports were obtained from the electronic medical records. All endoscopically measured adenomatous polyps ≥6 mm in size were included in the study along with the endoscopy year, patient gender and age, bowel preparation, time of day of the procedure, polyp shape, polyp histology, type of sedation, polypectomy technique, and withdrawal time. The Paris endoscopic classification was used to distinguish polyps by shape. 15 Adenomatous polyps were excluded if they were resected in a piecemeal fashion, incompletely recovered, if multiple fragments of polyp tissue were found in the same specimen jar, or if the endoscopy report did not specify the polyp size. To assign one polyp to one encounter, patients with multiple adenomas were randomized, and one polyp was selected for statistical analysis (Fig. 1 
Polyp examination
Polyps collected at the time of colonoscopy were immediately fixed in formalin. The specimen sat for 8-48 hours before being examined. Pathologic specimens were measured with a millimeter ruler post-fixation. Clinical mis-sizing was defined as SV >33%, in accordance with previous studies. 6 Polyps were deemed to have an inappropriate surveillance recommendation if the endoscopy and pathology report differed in their categorization of advanced adenoma size (≥10 mm) versus non-advanced adenoma size (<10 mm). In patients undergoing polypectomy, decisions regarding the interval of surveillance colonoscopy were made after clinicians received the pathology report describing the polyp histology.
Statistical analysis
To evaluate for factors that potentially contribute to endoscopic mis-sizing, adenomatous polyps were divided into two groups: (1) clinically mis-sized adenomas (SV >33%) and (2) adenomas that do not meet the definition of mis-sizing (SV ≤33%). All statistical analyses were done using the Stata TM 
RESultS
Polyp selection
Polyps collected from 2011-2015 were predominantly <10 mm and consistent through the years (Fig. 2) . The mean mis-sizing rate per year was 41%, and there was no statistical significance between the years. During the study period, 4,827 polyps from 2,938 colonoscopies were reviewed (Fig. 1) . Among a total of 270 adenomatous polyps ≥6 mm in size, 81 duplicated polyps were excluded through a randomization method. Approximately 13% of the examined polyps met the inclusion criteria, and 40.7% of the adenomas were ≥10 mm. The histologic distribution of polyps included for analysis was as follows: 157 (83%) tubular, 17 (9%) tubulovillous, and 15 (8%) serrated adenomas.
Patient demographic and procedural characteristics
The mean age of patients was 62.7 years, and 60.4% were males (Table 1) . EC-530HL (Fuji, Valhalla, NY, USA) and CF 160 (Olympus, Center Valley, PA, USA) colonoscopes were used in this study. The average endoscopic estimate size and pathologic measurement was 10 and 7.6 mm, respectively. Sixty percent of the included polyps were removed with snare cautery, 23% were removed using a cold snare, and 11% were removed via cold forceps. Of the included colonoscopies, 67% had a bowel preparation that was rated good or better. The average withdrawal time was 15 minutes.
When comparing mis-sized versus non-mis-sized adenomas, the former was more likely to be removed by cold forceps and cold snare (Table 1) . Non-mis-sized polyps were typically removed using a hot snare. There was a higher percentage of sessile polyps in the mis-sized group, but this difference was not statistically significant (57% vs. 39.0%, p=0.063). There were no differences in the other tested variables between the two groups.
Clinical mis-sizing and its impact on surveillance
Adenomatous polyps were clinically mis-sized in 56.6% of cases, and there was considerable variation in the sizing of polyps among endoscopists (Figs. 3, 4) . Eighteen percent of all adenomas reviewed resulted in inappropriate surveillance recommendations. Weighted statistical analysis revealed that endoscopist A had a significant impact on the findings. When endoscopist A was removed from the analysis, 48% of adenomas were clinically mis-sized, resulting in 15% of cases undergoing inappropriate subsequent surveillance. The mean time from fellowship completion was 18.6 years. The rate of inappropriate surveillance recommendations did not differ between endoscopists with ≥5 years of experience following training versus those with less experience (experienced =28, less experienced =5, p=0.36).
dISCuSSIon
Accurate endoscopic polyp measurement is important in determining colorectal cancer risk and recommendations for subsequent colonoscopy intervals. Our findings suggest that 56.6% of adenomatous polyps ≥6 mm were mis-sized by en- Assessment of polyp size in vivo during colonoscopy can be challenging. In clinical practice, polyp size can be approximated via: (1) visual estimation, (2) comparison of the polyp size with open biopsy forceps that span a known length, or (3) the use of measuring tools. Endoscopic examination is the most commonly used methodology, but it is highly variable and prone to errors owing to dependence on the observer' s expertise, the lack of a size reference for comparison, and optical distortion from the lighting source and the type of camera lens. This technique has an error range of 6%-62.6% according to previous studies depending on the size of the included polyps and the definition of mis-sized polyps. 6, 16, 17 Interestingly, al- Endoscopists though the estimation of polyp size using a direct comparison with biopsy forceps yields fewer inter-observer differences, it does not always lead to lower error rates. 16, 17 The discrepancy may be due to the difficulty in aligning the forceps along the largest diameter of the polyp and the limitations in forceps length and shape. Other measuring devices including a calibrated hood and probe also have been utilized to improve the accuracy of polyp size estimation, with the latter measuring polyp size within 5% of the post-polypectomy specimen size. 16, 18 The linear probe, with markings on the distal flexible tip, is advanced through the endoscope and aligned against the largest diameter of the polyp for measurement. Although these methods may improve the accuracy of polyp size measurements, the additional time and tedious nature of their use has prevented routine adoption into clinical practice. Technological advancements have vastly improved the visualization of polyps. High definition scope systems with or without narrow band imaging have been shown to enhance adenoma detection rates, but do not impact polyp size assessment. 19 While other colorectal cancer screening methods like computed tomography colonography have been proposed to address the importance of accurate polyp size measurement, this technology has been associated with error and variability in its estimations. 20 Polyp shape may be an important determinant of the accuracy of polyp size assessment. In one study, the estimated size of non-pedunculated polyps was significantly more likely to be overestimated. 12 In the 2013 CARE study, Pohl et al. reported 31% of sessile adenomas were incompletely resected. 21 Our findings suggest that when compared to pedunculated polyps, sessile polyps have an increased tendency to have their size mis-approximated. The reasons for this may be multifactorial including incomplete polyp resection and the difficulty of distinguishing the borders of sessile lesions. 21 In addition, sessile lesions may be difficult to detect due to their flat and pale appearance and their propensity for being located in the right colon. 22 Evidence suggests that endoscopic polyp estimates do not correlate well with histopathological measurements and can result in inappropriate surveillance intervals. 7 Previous reports have shown that erroneous endoscopic sizing is common among endoscopists with a tendency towards overestimation. 6, 12, 23 Anderson et al. examined all polyps and found that during colonoscopy, the size of 46% of ≥10 mm polyps was overestimated as compared to the pathology-based assessment of polyp size. 12 They found that many of the polyps estimated to be ≥10 mm during endoscopy were actually <10 mm on pathology measurement; hence, about 50% of these patients had an inappropriately early colonoscopy interval. Another study examining 10-25-mm polyps reported that the size of 61% of polyps was overestimated, resulting in inappropriate surveillance in 47.8% of patients. 6 Our current study shows that 56.6% of polyps have >33% SV and that among these patients, 22.4% had inappropriate surveillance intervals. Importantly, our results were driven by endoscopist polyp size overestimation, as opposed to underestimation. The discrepancy between our results and previous analyses may be explained in part by the inclusion of small polyps in our study. Our data showed that the median polyp size in the mis-sized and non-mis-sized groups was 8 and 10 mm, respectively. In our study, when analyzing only adenomatous polyps ≥10 mm in size, we determined that 43% of polyps were associated with inappropriate surveillance, which is similar to previously reported rates. 6 This study has several strengths. We examined only ≥6-mm adenomatous polyps, which is a group of polyps that are likely to be overestimated and lead to early interval surveillance, but that has not been previously evaluated. In addition, rather than including polypectomies up to one year, 6, 12 we evaluated polyps over more than four years and showed that our results were consistent over time. Third, unlike several previous studies, 6, 10, 24 we considered endoscopic, patient, and polyp histology factors. Our results are from a single tertiary center and may not be applicable to all populations. However, our findings are consistent with multiple other studies showing a tendency for polyp size overestimation. 6, 10, 12 The present study did not account for the effect of formalin fixation and the possibility of post-polypectomy sheering. However, several studies have demonstrated no significant difference in polyp size in comparisons of fresh and fixed specimens. 24, 25 Additionally, 87% of polyps were excluded in this study, mostly because they were not associated with a size (Fig. 1) . This is consistent with previous studies that examined adenomatous polyps. 6 The possibility of post-polypectomy sheering causing polyp shrinkage may also exist, but previous studies suggest that the polyp diameter changes by only 0.2 mm after resection. [25] [26] [27] Finally, there is a risk of incom- plete polyp removal and associated underestimation of adenoma size. However, among polyps removed by snare, only those with clear margins were included in the study. In addition, a comparable proportion of incompletely resected polyps in both the mis-sized and non-mis-sized groups can be expected. Accurate polyp size assessment is important for determining the interval of surveillance colonoscopy. Despite improvements in technology, there is wide variability in polyp size measurement with a tendency towards overestimation among providers. Our results suggest that the measured polyp size from the pathology report after resection should be used to determine the appropriate timing of subsequent surveillance colonoscopy. Further studies are warranted to corroborate these findings.
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